HIV prevalence rates in Zambézia Province were estimated to be 12.6% in 2009. A number of educational campaigns have been aimed at improving HIV transmission and prevention knowledge among community members in an effort to reduce infection rates. These campaigns have also encouraged people to seek health care at clinical sites, instead of employing traditional healers to cure serious illness. The impact of these programs on the rural population has not been well documented. To assess the level of knowledge about HIV transmission and prevention and health-seeking behavior, we interviewed 349 people in 2009 using free response and multiple choice questionnaires. Over half reported first seeking treatment at a government health clinic; however, the majority of participants had visited a traditional healer in the past. Knowledge regarding prevention and transmission of HIV was primarily limited to the sexual origins of infection and the protective advantages of condom use. Increased educational level and having learned about HIV from a community health worker were associated with higher HIV prevention and transmission knowledge. Traditional healers and community health-care workers were both conduits of health information to our study participants. HIV education and use of clinical services may be facilitated by partnering more closely with these groups.
Introduction
Zambézia Province is located in north-central Mozambique (Fig. 1) . HIV prevalence was estimated to be 12.6% among those aged 15-49 years in 2008 15-49 years in (INSIDA 2009 ). The Mozambican Ministry of Health has worked with non-governmental organizations, community-based organizations, and faith-based organizations to provide information about HIV transmission, prevention, and treatment to rural communities in hopes of stemming infection rates (Agha, Karlyn & Meekers 2001; Karlyn 2001; Ministerio de Saude 2009 ). Educational programs aimed at HIV prevention in Zambézia Province currently include radio shows, live theater, and peer educator debates (Karlyn 2001) . District clinics implement activities which provide information about tuberculosis, HIV, malaria, and other endemic diseases both in clinical waiting areas and in rural communities. These activities are aimed at improving knowledge about important health issues (how to prevent illness, identify symptoms and where to seek medical assistance), increase the number of people willing to be tested for HIV, and reduce stigma associated with testing and treatment. In an effort to generate data regarding HIV knowledge and healthseeking behavior in Zambézia Province, we conducted a crosssectional study with 349 Mozambicans in three rural districts from July to October 2009. Using semi-structured interviews, we sought to evaluate their understanding of HIV transmission and prevention, and to determine frequencies and predictors of traditional healer use versus attendance of local clinics.
Methods Design
We employed a cross-sectional design to recruit a systematic sample of 349 adults from a house-to-house survey from three rural districts of Zambézia Province, Mozambique. We arrived at the commercial center of each community and began radiating outwards from that point until no more homes were encountered. We solicited an interview from every 10th household. If no adult was home, we did not return but rather moved to the next house. To ensure that we had a large enough sample to conduct district specific analyses (for program evaluation), we sought to collect 100 surveys per district with an assumption that 40% of our participants would not identify themselves as users of traditional medicine. Both free response and multiple choice questions were used to obtain sociodemographic information, knowledge about HIV, experience and attitudes related to HIV stigma, perceived illnesses in the community, and health-seeking behaviors. HIV care-related questions included satisfaction with traditional medicine and standard government medical services, cost of services, and awareness of HIV-positive people in their communities. These qualitative questions had not been previously validated. The principal investigator (C.M.A.) asked these questions in face-to-face interviews with the help of a local translator for Chuabo and Lómwè speakers. All interviews were conducted between 6 am and 5 pm. All participants were read a consent script, given a written consent form, and copies of the signed forms were returned to the interviewer. In an effort to minimize bias, we clearly stated that we did not work with the local clinic and that no names or identifying information would be recorded. Data were entered into an MS Excel TM (a Windowsw-based application) file and checked twice for inaccuracies by the lead author. Data were coded and rechecked for accuracy by two investigators (C.M.A. and M.B.). Permission for this work was granted by the National Committee for Bioethics for Health in Mozambique and the Vanderbilt University Institutional Review Board.
Statistical methods
To summarize the health-seeking behavior and knowledge of study participants, we first applied bivariate comparisons employing two-sample rank sum and chi-squared tests. To determine which patient characteristics (e.g. age, sex, district, education, and belief in AIDS cure) were predictive of traditional healer use, we used multivariable logistic regression analysis. We used the same technique to examine predictors of visiting hospitals only or first versus traditional healers only or first; this outcome was determined post hoc using the same set of predictors. To assess HIV knowledge, two proportional-odds models with a number of correct routes of transmission and prevention identified by the patient are fit with age, sex, district, education, condom usage, and belief in commonality of HIV/AIDS as predictors. To avoid overfitting while examining the association of multiple sources of HIV information with HIV knowledge, we fit two additional proportional-odds models with the number of correct routes of two HIV-related themes -transmission and prevention -as outcomes. With the one exception identified above, all models and most predictors were selected a priori; AIDS identified by interviewee as a common illness was later added to examine multivariable association with HIV knowledge. To avoid case wise deletion of data in multivariable models, missing values of age for 31 participants were accounted for using multiple imputation techniques (Schafer 1997) . In this technique, we use participant characteristics to predict each missing age value, and then we perform regression on the imputed data. We repeated this task 10 times and took the average estimates from multiple regressions. R-software 2.10.0 (http://www.r-project.org) was used for data analyses. R-scripts and estimates from all models are available online (http://biostat. mc.vanderbilt.edu/wiki/Main/ArchivedAnalyses).
Results

Characteristics of interviewees
We interviewed 349 people; no one declined to be interviewed (Table 1 ). The median age was 32 years (interquartile range [IQR] : 25 -43) and 58% were female. Most (79%) were married, with 6% single, 7% divorced, and 7% widowed. Of those married, 84% were in a monogamous relationship, 15% were in a polygamous relationship with two wives, and 1% was in a relationship with three wives (two with missing data). The median time of formal education was 5 years (male 5 [4 -9], female 4 [1] [2] [3] [4] [5] [6] [7] ). The majority of the participants were Chuabo speakers from the districts of Inhassunge and Namacurra (251, 72%) with the remaining 28% Lómwè speakers from Alto Molócuè. Two-thirds (67%) of participants lived in rural areas, 
Health-seeking behaviors
We asked participants if they had ever sought care from a traditional healer. were more likely to visit traditional practitioners. We failed to find statistical evidence that sex and education were associated with traditional healer usage. We asked participants who had visited a traditional healer if they were satisfied with the care they received at their last visit. Eighty percent indicated that they were satisfied because they believed that the healer had successfully treated their condition. We asked patients where they first sought care when ill. Among 333 participants who responded, 188 (56%) reported first seeking health care at a hospital or clinic. Over a quarter (87, 26%) first sought treatment with a traditional healer. The remainder (48, 14%) indicated that their decision depended on the type of illness they were experiencing or that they would visit both providers for the same illness (10, 4%). We asked participants who first sought care at the clinic what they would do if they were not feeling better within a week. Seventy percent indicated they would seek care from a traditional healer if not feeling better.
We compared the 188 people who indicated that they first visited a hospital with the 87 who first visited a traditional healer for their health care, excluding non-responders and the groups that variably used one or the other. 
HIV prevention knowledge
The associations of HIV prevention knowledge with HIV transmission knowledge were probed as were behaviors, using an open-ended question, 'What are the ways in which you can prevent HIV infection?' Two-thirds of respondents (233, 66%) indicated that condoms were protective during sex. Ten percent suggested that people not share razors when receiving treatment from traditional healers, 21% knew having only one partner reduced their risk, and 5% suggested abstinence for protection. When asked if they used condoms to protect themselves from HIV, 61% said they did. Among those not using condoms, many indicated they either did not like to use them (i.e. they did not like the feel of condoms during sex), were unable to negotiate their use with their partners, or felt they were 'too old' to use condoms. We conducted a proportional-odds model to adjust for multiple predictors of increased HIV prevention knowledge. Of those who do use traditional healers, men are more likely to visit a traditional healer first or exclusively (52%), whereas women tend to first seek care from a health-care clinic (67%) only turning to a traditional healer if they remain ill. When probed further about why men may initially avoid health-care services, men suggested that a lack of respect provided by clinicians was their primary reason for avoiding the health system. This sentiment has been echoed by the results of focus group discussions assessing barriers to care throughout the province (Groh, Moon, Tonela, Sidat, Vergara, Vermund, et al. 2010) . A limitation to these data may be the belief that the interviewers were affiliated with the local allopathic HIV/AIDS clinics, i.e. social response bias (Fox 1967; Goldiamond 1964; O'Brien 1989) . Improving treatment of patients at health-care facilities may facilitate men's use of allopathic medicine.
As has been found in other studies of HIV knowledge in subSaharan Africa, men trended towards having higher levels of HIV knowledge than women, although in our study this trend was not statistically significant (Glick & Saha 2007 . While the use of condoms was associated with higher levels of HIV knowledge, there remains a cultural barrier to condom use that needs to be addressed. The understanding of sexual transmission also needs to be supplemented with additional transmission and prevention messages, to empower people to make informed health-care decisions (e.g. taking prophylaxis during pregnancy, exclusively using formula or breastfeeding, and taking precautions when in contact with blood). HIV knowledge was primarily limited to sexual transmission. The number of people who volunteered that HIV could be transmitted via blood or that mothers could pass the virus to their babies was surprisingly low. Higher levels of formal education did correlate significantly with increased rates of transmission and prevention knowledge, suggesting a way forward.
We were alarmed by the low proportion of participants (, 1%) who identified MTCT as a mode of transmission. Maternal use of ART prophylaxis in rural Zambézia remains low (Cook, Ciampa, Sidat, Blevins, Burlison, Davidson, et al. 2011) , despite the availability of ART, possibly a result of low knowledge levels. In rural Tanzania, the number of people voluntarily identifying MTCT route was substantially higher (. 60%) (Nkya et al. 2006) . Recent DHS surveys also point to a better understanding of MTCT throughout the region (Department of Health, Medical Research Council & OrcMacro 2007; DHS 2011) .
Information provided by community health workers and teachers resulted in study participants identifying the greatest number of transmission and prevention methods. Similar results were found in rural Malawi, where researchers documented the relationship between the source of HIV knowledge to HIV knowledge scores (Barden-O'Fallon, deGraft-Johnson, Bisika, Sulzbach, Benson & Tsui 2004) . Among men, community health-care workers messages resulted in higher knowledge scores, whereas among women in Malawi, those who listed media as the source of the information scored the highest (Barden-O'Fallon et al. 2004) . People in Zambézia who reported learning about HIV prevention techniques in schools had the highest odds of knowing multiple ways to avoid infection, whereas the greatest predictor of HIV transmission knowledge was obtaining information from community health workers. There was no difference between men and women. We suggest training and deploying additional community health workers into areas that are extremely rural, particularly when educational opportunities are sparse. Qualitative data suggested that people liked speaking with community health workers about health-care issues, even more than with allopathic clinicians or their friends, and saw community health workers as people they could trust.
Our study includes mixed qualitative and quantitative methods, the systematic survey methodology, and the care to interview in the local language. No such study has been reported from Zambé-zia Province, the second most populous province in the nation. Limitations include that opinions reflect a non-random selection of community members in three rural communities of Zambézia Province. While we attempted to remove sample bias through systematic selection, the timing of our interviews (during daytime, working hours) limited the number of full-time workers enrolled in our study. In addition, translation from local languages to Portuguese (and subsequently to English) complicates analysis. The challenge of cultural understanding can be difficult in rural areas where only local languages are understood. While we have made all attempts to maintain the integrity of our data, it is possible that some words or phrases were missed during translation. Social response bias was also a possibility within our survey, particularly on questions dealing with the use of traditional medicine (Tables 2 and 3 ).
Conclusion
Our survey in rural Mozambique suggests that the use of traditional healers was common, often simultaneously with accessing allopathic HIV/AIDS services. Knowledge was prevalent that Thirty years into the AIDS epidemic, we found unacceptably low prevention awareness in a systematic house-to-house survey in rural Zambézia Province. Expansion of community health worker coverage, education of traditional healers, and other community health advocates is needed. Health-care workers should be aware that traditional healers are likely to be consulted by patients, particularly if symptoms do not subside quickly. It will take intense educational and community work over several years before rural Mozambique residents share the awareness of HIV prevention that many of their urban African counterparts do.
